Analgesic medications compounded for topical use are gaining popularity for the management of chronic pain. The advantages of topical pain medications include reduction of systemic adverse effects, improved patient acceptance, few drug interactions, ease of dose determination, avoidance of first-pass metabolism, and direct access to the target site. Compounded topical medications typically use a mixture of 3 or more single medications to achieve multiple complementary effects at lower doses of each individual medication. Herein, we review the mechanisms, adverse effects, and evidence for some of the most commonly used medications in topical compounds for pain management. Because more topical medications are used for chronic pain, dermatologists can expect an increase in irritant and allergic contact dermatitis related to these medications.
A n estimated 116 million Americans experience chronic pain, treatment of which has resulted in an epidemic of opioid abuse and misuse in the United States. 1 Alternative methods for pain treatment are being explored, and current investigations have shown 1 option that may help reduce narcotic prescriptions: topical compounded pain medications. Topical analgesics and anesthetics (eg, creams, gels, patches) are formulated for local delivery to the skin, targeting sensory nerve endings and adjacent tissues after dermal penetration of the drug. 2 Topical agents are gaining popularity for use in certain pain conditions, including musculoskeletal pain and neuropathic pain such as diabetic neuropathy and postherpetic neuralgia. 3, 4 Topical administration allows for efficient, painless delivery of medications while reducing systemic adverse effects associated with parenteral or oral administration. Other benefits of topical drug delivery include improved patient adherence and acceptance, few drug interactions, ease of dose determination, avoidance of first-pass metabolism, and direct access to the target site. 5 In contrast to single medications, compounded topical agents are based on the strategy of using low-dose, multiple, concomitant, and complementary therapies. Compounds are usually 3 or more medications incorporated into a base that enhances epidermal penetration. Typically, a patient can apply the compound at 8-hour intervals on a regular basis and as often as every 2 hours as needed for breakthrough pain. 6 In a recent survey, practicing prescribers described compounded pain creams as not only effective but also safe for their patients. 7 In addition, more than 83% of individuals with chronic pain reported a significant reduction in their pain after using compounded prescription pain creams. More than a third of patients reduced their oral pain medications while using topical compounds, reporting that their pain levels were reduced by more than half on average. 8 However, multiple clinical trials of individual and concomitant formulations of topical analgesics have demonstrated mixed outcomes in reducing pain compared with placebo (Table 1) .
It is important to note that although topical analgesics are relatively safe, 6% of the patients reported adverse effects, especially ''rashes.'' 8 With more physicians prescribing topical compounded pain creams and patients chronically using them for pain treatment, dermatologists are likely to encounter an increase in cases of irritant contact dermatitis and allergic contact dermatitis (ACD) to pain medications. This review discusses the most common medications used in compounded pain creams, their mechanism of action, and the reported adverse effects of topical administration. Of note, ACD has only been described to a few of the ingredients used in topical compounded pain medications, and these cases are discussed where applicable.
KETAMINE
Ketamine acts on the N-methyl-D-aspartic acid receptor (NMDAR), located on nerve fibers and in the central nervous system. 31 The NMDAR and related ionotropic glutamate receptors are present on peripheral primary afferent neurons in the hairy skin of humans. 32 Inflammation in the periphery increases the number of NMDARs on peripheral nerve fibers. 33 Ketamine and its major metabolite norketamine work as anesthetic agents by noncompetitively blocking action on NMDARs. 34, 35 For neuropathic pain, treatment with ketamine has traditionally been via intravenous routes, although intramuscular and subcutaneous infusions have also been tried. 36Y40 However, administration by these routes is limited by central adverse effects such as hallucinations and nightmares. Frequent abuse of ketamine can even cause long-term memory impairment. 41 Topical application consists mainly of case studies and is considered an off-label use. 9,42Y46 One double-blind, placebocontrolled trial showed that ketamine 1% was not effective in patients with neuropathic pain 9 ; however, this finding may have been due to suboptimal drug concentrations. In open studies of topical ketamine, therapeutic effects seemed to strengthen with repeated application. 43, 44, 46 Furthermore, the plasma levels of ketamine and its active metabolite, norketamine, are below the limits of detection after the creams are applied. Topical ketamine at 50 mg/mL was shown to not elicit any local or systemic adverse effects, 47 whereas intravenous ketamine was shown to have adverse effects such as tachycardia, intracranial hypertension, vivid dreams and hallucinations, and the potential for urinary tract toxicity. 48 Although topical ketamine is simple and inexpensive to use and systemic absorption seems to be minimal, further exploration of the therapeutic potential of topical NMDA blockers is warranted.
GABAPENTIN
Gabapentin may have the structure of the GABA neurotransmitter but does not interact significantly with this neurotransmitter or with any other neurotransmitter. 49 Although its exact mode of actions is not known, gabapentin seems to act on calcium channels by inhibiting ion entry and as a glutamate antagonist. 50, 51 Its lipophilic characteristic allows for gabapentin to pass through the blood-brain barrier. 52 Its antihyperalgesic action reduces hyperexcitability of neurons in the dorsal horn of the spinal cord, which is responsible for central sensitization, and has proven to be clinically useful in the control of ectopic discharges from injured peripheral nerve sites. 53, 54 Gabapentin taken orally has been used for treatment of partial seizures, 55 postherpetic neuralgia, 56 migraine headaches, 57 and other pain syndromes. 58, 59 Fortunately, gabapentin has a low profile of adverse effects and few interactions with other medications because it requires high doses to achieve neuropathic pain relief. Adverse effects include somnolence, ataxia, nystagmus, and asthenia, all of which can decrease patient compliance. 60, 61 Topical gabapentin has been empirically used off-label as a single agent or in combination with amitriptyline and other drugs for neuropathic pain, with a retrospective study suggesting benefit of topical gabapentin for vulvodynia. 12 Furthermore, topical gabapentin possesses minimal adverse effects compared with those usually associated with systemic use of gabapentin.
CLONIDINE
Originally approved as an oral product to treat hypertension, clonidine is a presynaptic > 2 -adrenergic receptor agonist used to 2 treat acute and chronic pain. Alpha-2 receptors are present on nociceptors in the epidermis and are concentrated at the site of peripheral nerve injury. 62 Activation of these G proteinYcoupled receptors leads to release of an inhibitory G protein, which in turn downregulates adenylate cyclase and other second messengers thought to play a role in initiating and maintaining the abnormal excitability of nociceptors. 63 Clonidine produces analgesia for both acute and chronic pain when used via intravenous, intrathecal, or epidural injection. 64Y66 However, systemic and central use of clonidine is limited by undesirable adverse events including sedation, dry mouth, hypotension, and rebound hypertension. 67, 68 Clonidine is lipophilic, allowing for easy penetration of the skin to reach the local antinociceptive pathways. Treatment with topical clonidine is considered off-label. It reduces pain from diabetic neuropathy, although studies indicate that efficacy depends on the relative functionality of nociceptors in the skin. In addition, clonidine applied to the site of injury reduces hypersensitivity in inflammatory nerve injury. 69 This finding reflects clonidine's action on sensory neurons to reduce excitability, on immune cells to reduce cytokine production, and on microvasculature to improve blood flow. These observations provide a rationale for continued exploration of topical clonidine in human clinical trials of neuropathic pain. 13 Topical clonidine can also relieve hyperalgesia in patients with sympathetically maintained pain. Thus, a transdermal patch of clonidine (> 2 -adrenergic receptor agonist) was reported to provide some pain relief in some cases of sympathetically maintained pain 70 and diabetic neuropathy. 71 In other studies, 0.2% topical clonidine provided pain relief in a pilot study of oral neuropathic pain. 14 Treatment with clonidine was safe and without the problematic adverse effects typically associated with systemic therapies. 13 A recent Cochrane review found limited evidence that topical clonidine provided benefit in peripheral diabetic neuropathy. 15 The review concluded that topical clonidine may be useful in treating peripheral diabetic neuropathy when no better treatment options are available because of lack of efficacy, contraindications, or adverse events. Additional trials are needed to assess topical clonidine in other neuropathic conditions.
The clonidine transdermal patch has demonstrated potential for producing ACD. 72 The occurrence of allergic contact sensitivity to transdermal clonidine varies but increases with dose and duration of use. In 1 study, 90% of 72 sensitized patients presented with contact sensitivity by 20 weeks. 72 The eczematous rash was most often localized to the site of application, although generalized eruptions have been reported. 73, 74 AMITRIPTYLINE Amitriptyline, a first-generation tricyclic antidepressant, inhibits serotonin and noradrenaline reuptake and blocks sodium channels. Sodium channel blockade by amitriptyline prevents excessive nociceptor discharge by blocking the action potential, a mechanism similar to a local anesthetic such as lidocaine. Furthermore, amitriptyline could possibly act indirectly on NMDARs because there is evidence that sodium channels are involved in modulating NMDARs. 75 Amitriptyline cream (off-label use) acts as a slow-release formulation and has, in 1 case trial, shown success in decreasing neuropathic pain by one third without any adverse effects. 76 When combined with ketamine cream, topical amitriptyline showed promising results in neuropathic pain state and also in the management of refractory proctodynia. 9, 77 One study showed significant relief from postherpetic neuralgia using amitriptyline 4% and ketamine 2%. 29 In some case reports, pain relief was rapid, with patients experiencing pain reduction within 20 minutes of application. 76 Amitriptyline used topically has some limited evidence of effectiveness in the treatment of localized pain. 78 Several randomized controlled trials did not show benefit with amitriptyline 1% or amitriptyline 2% cream versus placebo. 9 Case reports of higher strength amitriptyline (5% and 10%) have shown dose-related efficacy but also systemic adverse effects, including slower cognition and difficulty concentrating. Local redness was the most common adverse effect, but this may have been due to the vehicle. 76 Subjects from both the amitriptyline cohort and the vehicle control reported redness, although the redness was not severe and disappeared by the next day, making it likely to have been an irritant dermatitis. 79 The mildness and reversibility of these effects support the safety of the topical application of amitriptyline.
BACLOFEN
Although the precise mechanism of action is not fully known, baclofen acts as an agonist on the GABA B receptor, causing a decrease in calcium membrane conductance and increase in potassium. Hyperpolarization of primary afferent fibers results in inhibition of both monosynaptic and polysynaptic transmission at the spinal cord level. The GABA B receptors are well known to be widely distributed throughout the central nervous system. 80 In the periphery, the GABA B receptors are found in cutaneous layers on fine nerve endings and keratinocytes. Although a GABAergic agent when administered orally, baclofen's hypothesized topical mechanism of action may be related to its potassium channel opening property. 81 Topical baclofen has been used empirically (off-label use) in combination with amitriptyline for vulvodynia 30 and has been studied as a single agent for chemotherapy-induced painful neuropathy. 28 One double-blind randomized placebo-controlled trial evaluated a compounded topical gel containing baclofen, amitriptyline, and ketamine to alleviate neuropathic pain, numbness, and tingling of chemotherapy-induced peripheral neuropathy. 28 The compound gel significantly improved both sensory (P = 0.053) and motor subscales (P = 0.021) over the placebo. The greatest improvements involved relief of tingling, cramping, and shooting/ burning pain in the hands. Furthermore, the topical gel seemed to improve symptoms of neuropathy without evidence of systemic toxicity. 28 
CYCLOBENZAPRINE
Cyclobenzaprine is a skeletal muscle relaxant pharmacologically related to tricyclic antidepressants. It acts centrally to reduce somatic motor activity by influencing both alpha and gamma motor neurons. Cyclobenzaprine has been used to treat chronic pain due to musculoskeletal disorders and fibromyalgia. 82 Cyclobenzaprine is often compounded into topical analgesics (off-label use) for musculoskeletal conditions because it is highly effective in muscle tissue at the site of pain, allowing for effective dosing without the systemic adverse effect of somnolence. 83 Recently, a case of ACD was reported in a patient using a topical compounded medication that contained cyclobenzaprine. 84 The patient's pain medication contained ketamine 10%, diclofenac 5%, baclofen 2%, bupivacaine 1%, cyclobenzaprine 2%, gabapentin 6%, ibuprofen 3%, and pentoxifylline 3%. Although the patient reported pain relief with use of the medication, he also began to report an itchy rash at the site of application. After patch testing separate ingredients of the original medication (using the concentrations in the original pain medication), cyclobenzaprine was isolated as the causative allergen. Allergic (over irritant) contact dermatitis was subsequently confirmed by testing serial dilutions of cyclobenzaprine (2%, 1%, 0.2%, 0.02%, and 0.002%) read at 48 and 96 hours, demonstrating a crescendo response to concentrations as low as 0.02%. 84 
LIDOCAINE
Lidocaine's proposed mechanism of action is nonselective blockade of voltage-gated sodium channels on sensory afferents at the site of application, resulting in reduced ectopic discharge and reduced signal propagation. 85 Topical lidocaine is thought to produce pain relief through decreased ectopic discharges within peripheral sensory afferents.
A recent Cochrane review identified 12 studies comparing topical lidocaine versus placebo or an active control. 86 The 5% medicated patch, gel, and cream were used along with an 8% spray. These contain high concentrations of lidocaine because it crosses the skin poorly. There was some indication that topical lidocaine was beneficial in these studies and no evidence of an effect of lidocaine on the incidence of adverse events or withdrawals. Therefore, lidocaine 5% may be effective in patients with localized peripheral neuralgia, including postherpetic neuralgia, for several weeks with a low risk of adverse reactions. 86 Topical lidocaine, medicated as a plaster or patch, is approved for use for postherpetic neuralgia in the United States. The patch is generally well tolerated, and application site reactions are transient and resolve after patch removal. A systematic review of 5% lidocaine medicated plaster compared with other treatments for postherpetic neuralgia indicates that the medicated plaster relieves pain and reduces allodynia compared with placebo. 87 Adverse effects of topical local anesthetics are minimal and include localized skin irritation and swelling that generally disappears within 2 to 3 hours after the local anesthetic is removed from the skin. There are usually no significant systemic adverse effects or dermal reactions, and plasma lidocaine levels remain low. 88 Safety and tolerability are similar for either 12-or 24-hour application of lidocaine patches. 89 In fact, they produce levels well below therapeutic levels used in lidocaine infusions.
Despite this relative safety, there are reports of patients dying from overdoses of compounded lidocaine gel. 90 Two deaths have been linked to application of a compounded lidocaine and tetracaine gel before laser hair removal treatment. Both victims applied the gel to over half their bodies and put an occlusive wrapping over it. This resulted in fatal systemic absorption because postmortem blood analysis revealed elevated lidocaine levels. 90 Therefore, for patients using topical lidocaine, it is important to avoid use on widespread body areas under occlusion.
Allergic contact dermatitis to topical lidocaine is on the rise because of the growing number of over-the-counter products containing lidocaine frequently used by the aging population. One study showed an overall prevalence of ACD to local and topical anesthetics at 2.4%. 91 Although this figure is lower compared with those in some previous reports, it does present a significant problem. 92, 93 CAPSAICIN Capsaicin is the active ingredient in chili peppers. Topical capsaicin targets the vanilloid receptor 1, eventually leading to depletion of substance P, a neurotransmitter known to cause pain and inflammation, from sensory neurons. 94, 95 It causes activation and subsequent dying back of nociceptive nerve endings, resulting in local desensitization after a period of initial irritation. However, it often induces a painful burning sensation at the application site, which many patients have trouble tolerating. 96, 97 Topical formulations of capsaicin at low concentrations have been widely available as an over-the-counter remedy for treatment of musculoskeletal and neuropathic pain for decades. Capsaicin is offered as a topical analgesic cream in low concentrations (0.025%Y0.075%) and as a patch formulation at a higher concentration (8%). Degeneration of nerve terminals within the epidermis occurs after repeated application of 0.075% capsaicin for 3 weeks 98 and acute application of the high-concentration patch. 95 Although an earlier systematic review of capsaicin in neuropathic pain found topical capsaicin better than placebo for the treatment of chronic pain from neuropathic and musculoskeletal disorders, 20 a more recent Cochrane review found insufficient data to draw conclusions regarding its efficacy for neuropathic pain. 99 All studies reported rare systemic adverse effects but common local adverse skin reactions to capsaicin early in treatment. This local skin irritation was usually mild and disappeared after 1 to 2 weeks of treatment.
NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
Nonsteroidal anti-inflammatory drugs (NSAIDs) are one of the most commonly prescribed drugs worldwide and are responsible for approximately one quarter of all adverse drug reactions. 100 Topical administration of NSAIDs allows for local, enhanced drug delivery to affected tissues without the systemic adverse effects of peptic ulcer disease, gastrointestinal hemorrhage, and renal impairment. After topical administration, systemic NSAID concentration is typically less than 5% and 15% compared with equivalent oral administration. Compared with oral formulations, topical NSAIDs have a superior safety profile with adverse effects such as rash and pruritus at the site of application occurring in approximately 10% to 15% of patients. 100 One meta-analysis suggested that topical NSAIDs were more effective than placebo. 101 However, the authors concluded that available evidence indicated that during the first week of treatment, topical NSAIDs were inferior to oral NSAIDs. A separate metaanalysis examined the use of topical NSAIDs for chronic musculoskeletal pain and concluded that they are effective and safe. 102 The Cochrane Database review suggested that topical NSAIDs can provide good levels of pain relief without significant systemic adverse effects associated with oral NSAIDs, for the treatment of acute musculoskeletal pain. 103 Local adverse events were irritation of the area to which the topical NSAID was applied, including redness/erythema and itch/pruritus. These were usually described as mild and transient.
COMPOUNDING BASE
When a topical analgesic is applied directly to the skin, it must pass through the stratum corneum, which is often the rate-limiting barrier for the absorption of must drugs. For compounds used exclusively for the treatment of skin conditions, passive diffusion into the superficial epidermis may be sufficient. In those cases, a vehicle such as petrolatum can be used. On the other hand, for a drug to be delivered into the general circulation, a vehicle must maintain affinity for both lipid and aqueous environments to be absorbed effectively. Highly hydrophilic drugs will not absorb easily through the stratum corneum, whereas highly lipophilic drugs will absorb well through this layer. However, in the aqueous layer of the epidermis, hydrophilic drugs will absorb better than lipophilic drugs. Thus, the delivery agent of the medication must have both hydrophilic and hydrophobic elements to allow for maximum penetration. Several adjuvants such as viscosity and permeation enhancers, emollients, and preservatives are added to the active components. One such permeation enhancer, lecithin, has shown particular success in transdermal delivery systems. Lecithin is a naturally occurring mixture of diglycerides of stearic, palmitic, and oleic acids linked to phosphatidylcholine. As an amphoteric surfactant, lecithin enables many drugs to penetrate into the dermal layer. 104 These additives act to increase absorption, reduce the drug concentration, and maintain the drug at the target site. 105 A compounded base that contains penetration enhancers is preferred and clinically proven to be more efficacious than simple creams, gels, and ointments. The following enhanced bases are readily compounded: Pluronic lecithin organogel, Speed Gel, vanishing penetrating cream (VanPen), Lipoderm, and DemiGel. Pluronic lecithin organogel is widely used because its nonionic nature allows it to be compatible with diverse systems and its surfactant properties enhance penetration. Pluronic lecithin organogel consists of poloxamers, lecithin, and isopropyl palmitate. Poloxamers act as surfactants to increase water solubility of hydrophobic substances, whereas isopropyl palmitate acts as an emollient and solubilizing agent for lecithin. Pluronic lecithin organogel disrupts the lipid layers of the stratum corneum so that the medication can enter the systemic circulation via the dermal-epidermal blood flow. VanPen and Lipoderm are similar to Pluronic lecithin organogel and equally effective but have added emollients to provide better rub-in and longer-lasting moisture. Speed gel is a fluid transdermal gel that allows for enhanced penetration but can only hold a limited amount of medication. Although these bases use lecithin to cross the stratum corneum to various degrees, each depends on formulation and preparation. 6 It is not clear whether these permeation enhancers can increase the risk of irritant contact dermatitis or ACD to the medications that they are designed to deliver. Furthermore, marked variability of individual patients' skin properties may influence percutaneous absorption and distribution of the drug when applied topically.
ADVERSE EFFECTS
Although trials and case studies have demonstrated that topical analgesics are relatively safe, topical application of high-concentration creams do carry some risk. Topical application can function as a systemic delivery system. The degree of body surface covered and the intactness of the skin where it is applied should be taken into account because disease conditions may enhance systemic absorption. For example, 10% amitriptyline produces systemic adverse effects, 76 whereas extensive skin application of doxepin 5% 106 or multiple local anesthetic applications 107 can lead to systemic toxicity such as death as previously described with lidocaine gel.
Data from 1 compounding pharmacy reported that more than 160,000 prescriptions for topical compounded medications were filled in 2013. Among the most popular compounded topical pain medications is a compound containing ketamine 10%, meloxicam 1%, baclofen 2%, bupivacaine 1%, clonidine 0.2%, cyclobenzaprine 2%, gabapentin 6%, and pentoxifylline 3%. It is primarily designed for neuropathic/inflammatory combination pain found in peripheral neuropathy, diabetic neuropathy, severe tendonitis/tendonosis, or failed back syndrome. Of the 2013 prescriptions filled, 496 patients reported to the pharmacy having experienced an adverse drug reaction. According to personal communication from Jeff Elbl, a pharmacy representative from Bellevue Pharmacy, the most common adverse drug reactions associated with this compounded medication are redness, rash, itching, and burning, although blistering has been reported.
Because most reports of cutaneous adverse events from topical pain medications describe the reactions as mild and transient, the most common cause of cutaneous reactions from topical medications is likely irritant contact dermatitis. However, ACD to topical pain medications is on the rise, as described in several aforementioned cases. When patients present with dermatitis from topical medications, it is important to distinguish between irritant contact dermatitis and ACD on the basis of history and patch testing. Compared with ACD that usually lasts for weeks and is characterized by prominent itching, irritant reactions are usually described as transient and burning or tingling. On patch testing, irritant reactions tend to be dose dependent and have a decrescendo response (improve over time after removal of the patch), whereas allergic reactions tend to worsen (crescendo) after patch removal. In addition, it is important to remember that compounding bases commonly contain irritants and allergens, so one must also test the base and, if necessary, the ingredients in the base to determine the causative agent.
CONCLUSIONS
A wide variety of formulations, including creams, gels, and patches, have been studied. Topical analgesics provide a therapeutic option with simplicity of application, decreased adverse effects, and decreased drug-drug interactions for patients with neuropathic and other disabling chronic pain syndromes. The pharmaceutical industry is taking interest in developing some of these options into topical products. Topical preparations containing opioids, local anesthetics, antidepressants, glutamate receptor antagonists, >-adrenergic receptor agonists, adenosine, cannabinoids, cholinergic receptor agonists, gabapentinoids, prostanoids, bradykinin, adenosine triphosphate biogenic amines, and nerve growth factor are each at various developmental stages. 96 However, there is overall a lack of quality evidence for topical treatments in neuropathic pain, and data are often conflicting. This may be due to the location and surface area of application, as well as differences in formulations used. 108 Extemporaneous compounding allows clinicians to individualize patient therapy, but there may be variability of extemporaneous preparations. 3, 109 Studies tend to be small and of short duration, and most studies have focused on specific conditions such as postherpetic neuralgia or diabetic neuropathy; the extent to which results can be applied to other forms of neuropathic pain is unknown. 110 Therefore, uncertainty exists in extrapolating study results to other preparations and conditions. Topical analgesics are an important addition in the treatment of neuropathic and other chronic pain syndromes. As compounded topical agents become more prevalent in treating chronic pain, it is worthwhile for clinicians and patients to have a better understanding of how these medications work. Furthermore, dermatologists should be alert to the potential for irritant contact dermatitis and ACD from these agents. Customized patch testing is a valuable tool in determining the offending allergen, especially when multiple active ingredients are found in a compounded medication.
